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VDT STUDIES-UNITED STATES AND CANADA

Many investigations have been conducted to determine the cause of VDT
user trauma. Studies in at least six countries were original (the United
States, Canada, Spain, Norway, Sweden, and Finland). The conclusions in
the other several hundred investigations were essentially based on hear
say. Nevertheless VDT experts refer to the overall work as "scientific
data."

The National Institute of Occupational Safety and Health, which
monitors the welfare of people in offices, examined at least 19

computerized workplaces since 1975. To date, the agency's conclusions
have not deviated from their first opinions in which NIOSH stated:

1.
2.

3.
~ 4.

s.

6.

VDTs are harmlea.

Emialons are too low to measure, and are therefore well with

In human tolerance.
User complaints are Imaginary.

Stress is due to poor posture UId Job disaatlsfaetion.
An ergonomically treated environment will eliminate user
complaints. .

Concern is unwarranted.

1

j

I···

Despite the assurances or NlOSH and other responalble parties, VDT user

complaints perslat and escalate. The maladies people deIcrlbe resemble

those associated with radiation sickness. Physicians have not recognized

thfs.

The work of American and Canadian investigators is summarized In
this chapter. Some conclusions were referenced by experts at the 1981

and 1984 conaressional VDT hearings. Most studies reported here aDd in

chapter 6 were overlooked.
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4-1 NONIONIZING RADIATION

One of the earliest indications scientists and physicians had that non
ionizing radiation induces biological damage was in the American

Embassy in Moscow. Since 1953 the embassy was the target of microwave

illumination from a Soviet transmitter. Employees developed unusual
symptoms and diseases; some died. The Department of State (DOS)

requested a facility and medical investigation.

DOSFACIUTY

The National Telecommunications and Information Administration (NTIA)

responded to the DOS by commissioning Johns Hopkins University to

perform a facility study. The Applied Physics Laboratory (APL), a di

vision of the university, analyzed microwave measurements taken by DOS

personnel over a 25-year period. A summary of the evaluation fonows.

The IG-story embauy bullclfq was the tarset of fUumination from a
Soviet microwave transmitter for 25 years. Throuahout tb~ period,
the distance of the radiation source wu approximately 100 meters
west, east, and south of the buildinJ. "

The tUumlDation of the Chancery II divided tnto two periods. The
first 22 years (1953 to May 26, 1975) was liven the code name
TOMS. The second period (May 28, 1975 to February 1977), MOTS,
wu divided into two phases: MUTS-l and MUTS-2.

TUMS. Durin& tbla period there was a stoate source of illumination.
The microwave beam radiated from a SovIet apartment house about
100 meters weat of the .Chancery. The ht&heat recitation levels
meuured were wlthtn 2 feet of doors and wtndows 01\ the weat wall.
The average maximum exposure was S microwatts per square cen
timeter.

MOTS-I. Microwave eneJ'l)' was high 'for 8 months. Beams were
directed from the east and south. The aVer8se maximum exposure
wailS microwatts per square centimeter.

DminI part of MOTS-I (July 1975 to January 1976), microwave
transmission orllfnated from two sources: (1) the roof of an
apartment buildlns 80 meters east of the Chancery, and (2) an office
butlding nearly 80 meters south. The east facade of the Chancery
had many windows. The south had windows in rooms 901 and 1001,
and the stairway on the 8th and 9th floors.
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From 24 to 31 July 1975. room 901 had an average radiation level of
9.0 microwatts per square centimeter throughout the area. Micro
waves were focused sharply on the upper floors. The highest
radiation levels recorded were in offices in the east side at the
center of the building. The intensities increased toward the
southeast rooftop comer. above room 1001.

The highest reading inside the building durinl MUT5-1 was within 2
feet of the window in room 1001. The signal strength on the rooftop
on January 24. 1976 was recorded at 24 microwatts per square cen
timeter.

MUTS-2. Around November 197S the energy of the Soviet trans
mitterJ on the rooftop of the apartment building (100 meters east).
suddenly dropped to 2 microwatts per square centimeter. Screens
were Installed on windows on February 6. 1976. The lowest energy
was recorded from this date through February 1. 1977.

The microwave signal. transmitted from the south and east, pro
duced an average maximum exposure that measured a fraction of a
microwatt (tess than 0.1 microwatt per square centimeter).

There wu an area (region 2) where the readln& was only 0.7S
microwatt per square centimeter. Sln&le lndlvtduall in the south
wing were exposed to less than 0.1 microwatt per square centimeter.

'\ In the subsequent biological study performed by Ltllenfeld. the
~ people exposed to fractions of a microwatt were arouped amona the un

exposed. Those worJdna In ablelded areas were also placed in that
cateaory. Th1s is tantamount to .a)'ina that osteo.enesis equipment does
DOt affect bone ttuue because its enerzy is too low.

ConcIUllcm. A1J complete a model as IM*lble wu developed from
the data recardecl by DOS penonneL Matt.. II known to ablarb
microwave eneraY (u in microwave coo1dDI>. However the incldeace
of c:Uaease (morbidity) and mortality, reported by Embassy employ
ees, cannot be attributed to the low level. of microwaves paIIJnI
tbroUJb the building.

There 11 a need for authoritative btopbyslcal analysla of the micro
wave field l11umlnatlnl the Embauy. At this time, it II only poaIble
to conslder theoretical biological effects from the low frequency
microwave racllatton beamed at the Chancery. Additional studies are
recommended.
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The degree of biological damage in DOS personnel would depend on
dose. time. and distance. The Soviet transmitter was consistently at a
distance 80 to 100 meters from each wall of the Chancery. Dose and time
varied. Microwaves were strongest at the rooftop and above doors and
windows which are usually framed with metal. a highly conductive

material.
The APL and associated experts indicated that microwaves are

"opaque to masonry walls; radiation enters through door and window
openings." This may be so, but radiation can perform its work indirectly
by energizinl matter. This was confirmed by Russell H Morgan. professor
of radiololY at Johns Hopkins University and Hospital (1961). Dr Morgan,
who identified the natural radioactive materials tn humans and the
environment, said:

AmOl1l the radioactive elements in rocks and soil is uranium,
thorium, and their decay products; and potassium. The concentration
varl. throUlbout the earth. Because rock is frequently used as a
bulldlna material, masonry II an Impcrtallt source of radiation to
which humaDI may be exposed.

The radiation from natural source. is essentially ..mma (approxi
mately SO mR per year). which Is penetratlq. Radon and tboron
diffuse from the earth and buI1d1n& materials. carbon, calcium.
potultum. and Iodine are natural constituents of the body'. soft
tissues and fluids. (The elements are found In the earth and in rock.)

Dlumtnatlon of the Chancery'. butlclinl materlall must have elevated
the temperature of. and Increased chemical reactions in. radioactive
matter in wal1l of the bulldinl. The secondary energy wu trIDImltted to

people. It eneralzecl elementl In the body. which caused blololical
reactions as If their tissues were "seetna" the eneraY source. The more
radioactive materials tn the walls the &reater will be the bloloslcal dis
tress, even when the energy of the Irradlatlon source Is low.

The SovIet transmitter had three microwave Intensities: medium.
h1&b. low (Table 4-1). The severity of btolopcal damage In DOS personnel

should correspond to the exposure phase, and ·correlate with the death
rate, In the 23-year period (1953-1976). The temperature in the west,

south, and east sides of the building would also influence bloloatcal
perturbance.
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Table 4-1 QuaIItJ aDd Meet of DOS racDlt)' Eaftl1

Avera"
ExpoIare Mlcrowav, MuilDum
PIa•• Int.llliq MlcrowaUi §xp!CtecI BkJm!em Reaedoa

1.TUMS Medium S.O Moderate.bacbemme.1D4
inwnb1e dssuo damap.

2.MUTS·l High 10.2 Immedilre IDdsevere~.

3.MUTS·2 Low 0.1 to 2.0 Mild, subtle,but lnoxorablo
patulbuce•.•.............•...............•..•.•.•..•.•..................•......•.•..••..

DeaIhs· MaJea Females

1953-1960 37 3
1961-1966 4 1
1967·1971 3 S
1972-1976 ...2 ...2

36 11

• Due to iasuf6cieat-. 13 deadII weze excluded fIom abo1Udlllcl,
1111vIcdmI were aD 1IIIleI.

• A change in blood quality alone should have been indicative that

somethtn& wu wrot1I with the Embassy's' environment. Lntenfeld exam-

, tned diastolic blood preaure, and found that DOS personnel bad a htJher
Tate after their tour. They also had fewer white blood cells, and more

psychiatric problems, than the comparison group. Experts declared that

these, and other disorders were due to chance.

DOS Biological study

Together with a team of individuals, whose expertise ranaed from nursq

to engineering, Dr Abraham LiUenfeld of Johns Hopkins University ana
lyzed many health records of personnel stationed at the Embassy durlnl

the illumination period. The data was compiled with an IBM 370/148

computer. It consumed 200,000, punch cards In the Initial evaluation of

personnel records, and 2 to 3 times as many in the editing process.

Besides DOS employees, individuals at the post included people from

the United States Information Agency, the Departments of Defense and
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Agriculture, and the military. For the purpose of this discussion. all

agencies at the embassy will be referred to as DOS personnel.
Lilienfeld compared the maladies of DOS personnel to those reported

at other embassies (the comparison group). His team analyzed statistics
of mortality and disease (morbidity) in male and female employees. and

dependents (spouses and children). Generally the team found: (1) more

deaths among the male population than the female; (2) a high rate of
cancer in females; and (3) a high incidence of mumps, and leukemia and

other blood disorders among children.
It is possible that DOS children did not actually have mumps, but

swollen glands (salivary) of the tongue, throat, and ears. An unexplained

outbreak of mumps was reported among schoolchildren in the District of

Columbia, Maryland. nltnois. Kentucky. and other states (1988). The

glands of VDT users swell. The condition may be diagnosed u mumps.

Personnel at the embassy sensed biological perturbance. which they

suspected was caused by some abnormality in their environment; radi

ation. They measured and monitored the diabolical alent which vibrated

at various frequencies, includlnl television and PM radio bands. Micro
waves were streaming through the Chancery as they do in a microwave

communications tower. No one believed or acknowledged that radiation

caused the morbtdlty and mortality occ:urrin& at the Embassy.

In research lermane to the problem at the Moscow Embassy Swedish

neurolollst at the University of Goteborg, Dr Hans-Arne Hansson (1985),

found that electromagnetic radiation affects radar and microwave work-

erI.

Radar workers suffered brain damage. altered spinal nuid. frontal
lobe disorder, memory 1.011, and other neural Injury. A protein, part
of the white matter (JlIal cells) that Insulates nerves ·of the brain,
wu dIScovered In cerebrospinal fluid of radar and microwave work
ers. As a result of altered proteins and retinal damage, two radar
workers became partially blind.

Exposure of nerVous tissue to electromagnetic fields. raqiDg from
power line to miaowave emissions, may cause a wide ranae of
biological effects. The dtJorders may remain slJent for a period that
lasts months or years. People exposed to microwaves could be at risk
of sustaining brain damase. (Sally Squires. Washington Post 1985.)
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Samples of spinal fluid were taken from DOS personnel, but they

were not scrutinized as closely as the Hansson experiments (KosloY 1985).

Had the assays been carefully studied, the LiUenfeld team might have

found abnormal protein concentra~ions in the cerebrospinal fluid of DOS

personnel. If they were using VOTs, the assays of the comparison group

would have been similar. VOTs and television receivers .emit microwaves

Uke those flOWing through the embassy. The radiation is not as energetic

because CRT frequencies are lower. Since biological injury is cumulative,

the result of high and low energy stimulation will be the same.

In the United States, Sweden, and Russia researchers observed that

tissues heat when workers get too close to microwave antennas. Despite

reports of adverse health effects from low level microwave energy pub

lished by Poland in 1976, the APL and Lilienfeld concluded that radiation

permeatinl the Embassy was tolerable. A summary of LiUenfeld's

investlption follows.

The medical histories of over 22,000 people, allve and dead, were
reviewed. There were 4,800 people at the Embassy between 1953 and
1976; 1,800 employees and 3.000 dependents. The comparison group
conSisted of 7,500 people; 2,500 employees from 9 posts in Eastem
Eur~ and 5,000 dependents.

Obvto\llly, the molt Important health effect in a population is re
duced loqevlty or early death. There were 194 deaths recorded in
the studied population; 152 males and 42 females.

Since data wu incomplete, the 194 ftaure excludel13 male deaths

from the statistics. At leat 47 of the 194 deaths occurred between \953

and 1916. This means that 147 people died durinl the study period (1916

to 1978). The insult (injury) that caused the result (death) may have

transpired durfna MUT5-t when high energy was beamed from two

sources.

The number of deaths in the male population (excluding the 13) is 50
percent of the expected mortaUty of the United States. No dif
ferences were observed between the Moscow and comparison group.
There is no satisfactory explanation for the 42 female deaths; 80
percent of the United States population.

The morbidity in the Moscow and comparison group was nearly equal.
Many health problems were observed; some were serious. Only two

...
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differences were conspicuous in the two groups: (1) the Moscow male
employees had a threefold higher risk of acquiring protozoal in
fections. and (2) men and women in the Moscow group had slightly
higher incidents of the most common health conditions reported.
(According to Alexander (1965). item 2 is a telltale sign that the
experlmentals were poisoned by radiation.)

The health conditions of DOS personnel cannot be related to micro
wave exposure. No consistent pattern of increased morbidity is
evident in the group exposed to other than background (natural)
microwave radiation. (Individuals exposed to less than 0.1 mlcrowatt
were classified among the unexposed. Therefore ailments in this
group. attributed to background. may have occurred during MUTS-2.)

Men and women in the Moscow group reported more visual problems
than the comparison group. Most were due to correctable refractive
erron. The men had more psoriasis; the women more anemia.
(Women naturally have a lower blood volume than men.) Nen re
ported a hilh incidence of depression, irritability. and memory loss.
(Alexander stated that depression. and other mental perturbance.
indicates that radiation has affected cranial organs.)

In view of the published articles 'that the health of Embassy per
sonnel wu in dallier,' it is not surprlsilll that the Moscow group had
a Maher rate of morbidity than the comparison posts. (What about
the dead aDd extrelllely 111 people; bow were they influenced by
media repartl?) No retatioalhlp wu found between the occurrence
of health I)'JDptolDl and microwave exposure.

The cht1dren studied experienced many health problema. The mal- ~
adtes were similar in the Moscow and comparison sroups. There was
one notable difference. mumps occurred twice as often In Moscow
than In the comparison &rOup. (Radiation .timulates the glands which
sbrlnk, Iwell, or become Infected.)

ConcIUllon. No convlncinI evidence wu discovered that would di
rectly tmpltcate the low levels of microwave racltatton, beamed at
the Aaerlcan Embassy in Moscow. u the cause of any adverse
bealth effects. as of the time of tbls analysis.

RecommeDdattons. The results of this study could be Interpreted
that microwave radiation at the Moscow Embassy did not produce
8I\Y deleterious health effects. It should be made clear that
generalizations must be made with caution. The group with the
hlahest exposure should be analyzed at Intervals of 2- to 3-year
periods. A surveillance system for deaths and malignancies should
also be established.

Table 4-2 lists some of the symptoms and diseases recorded. The

population 00. which equals 879 DOS and 1,303 comparison, had simUar

maladies because the body can get sick In only so many ways. LiUenfeld

noted that the incidence of eye problems, anemia, and ulcers approached
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statistical significance in DOS personnel. Although not shown, male mor
bid!ty was usually between 25 to 65 percent higher than female. Taking
into account that radiation always aggravates existing disorden, the data

compiled for "diseases or conditions ever present" is used in this listing.

Since data was lacking, Lilienreld's team did not correlate the

maladies with the three illumination phases. This information, and the

location of DOS personnel within the Embas~ in relation to the

microwave transmitter, is Imperative to perform' a thorough study.

Location and period of irradiation would partly explain the variability of

personnel maladies, and the death ·rate which probably climaxed during

MOTS-t.
Between the late 1960s and early 1970s workers in various eco

systems worldwide used VDTs; a television receiver attached to a

keyboard. For instance in the United ·States (1976), court reporters

worked with a Beehive terminal (CPU) wedded to a black and white

television set. Some workers complained that their ''head and face felt

numb." DO~ and comparison &rOUP personnel may have been ustns similar
conflpratlons.

Ltltenfeld's statistics (Table 4-2) sugest that health problems at the

Embuay 'Were no worse than maladies of the comparlson group. He ...

alarmed by the mumps outbreak and other morbidity in children. who

presumably dld not use computers. The team did not qualify itl in

formation. How old were the people afflicted with mumps; below or
above age 9? What caused the birth defects and problem prepncl_

occurrln& at the Embassy after the employees' first tOlD" of duty! The

birth defects in offspring of controls and experimentaIs were ·.1mo1t

equal; why? Fatigue, mental confusion, anxiety, and most dlIarderI
reported to Lillenfeld were observed by NIOSH In the San Fraaclsco

survey, and by NASA in the astronauts. The common element to which

they were exposed was radiation.

The DOS facUity and biological studies, Uke most, are inconclusive.

The APL investigation concentrated on microwave measurements. There
is no indication that either team analyzed other exposure (el, VDT) DOS

personnel may have had. If people, especially those in the southeast

comer (rooms 901 and 1001), were using VDTs visual and other dt.sorderl

would have been severe durinl any phase of irradiation. VOT users in the

comparison group would have had similar problems.
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A group of experts from the Electromagnetic Radiation Management

Advisory Council (ERMAC) assessed the radiation bombarding the Mos

cow Embassy, and the biological trauma reported by DOS personnel.

Their consensus was the same as that of the APL and Lilienfeld teams.

ERMAC Analysis

In 1980 the ERMAC met to assess the biolOgical impUcations of the
microwave environment in Moscow. Members of the group included ex

perts from universities. hospitals, and private companies. The consultants

were employed by General Electric. the University of Washington. the

Virginia Commonwealth University. NTlA. APt, George Washington

University, the University of California, Bell Laboratories. Gerry L

Pettis Memorial Veterans Hospital, Argonne National Laboratories. and

the universities of Miami and Tulsa; one consultant was aD independent

engtneer. The ERMAC experts concluded:

The modell used for the ana1yslJ of bIolo&ical hazards are over
stated. Other electromapetic racUation is more intense than that
tlllptnatq on the Embusy. There II DO scientific evidence, or
theoretical grounds, to SUllen that blolOllcal dlsorden reported by
Embassy personnel were due to microwave irradiation.

ADd 10 the effects of microwave radiation In Moscow ended on the

same note as VDT studies: There is no evidence that low level nontonizinl

radlatlon causes tlaue damage; biolo&lcal perturbaDce is due to chance.
It appears that neither the APL, LUlenfeld, nor ERMAC endeavored to

find a common factor. So It is in the VDT environment, and investigations

of alleged Injury from the emissions of hlgh voltage power lines.

BIOLOGICAL INTERFERENCE

The potential of the biosystem chanles when organisms absorb excessive

natural or artificial electricity. Galvani and other scientists discovered

that· electric current causes friction as it travels through tissues and

associated chemicals. Spasms in the nerves and muscles, and chemical

change are the visible reactions to enerlY absorption. An elevated bio

logical charge is the invisible effect. However It is perceptually apparent
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in that individuals or organisms gain weight, become hyperactive, and
dart about like ignited firecrackers.

Charged tissues vibrate at high frequencies. Ions rushing through
them to ground create a sort of "ionic wind" (conduction current). The
added energy causes chill inside and outside the body. VDT users ex

perience these sensations which were observed in other organisms.
Workers use heaters to ward off chill. Heat causes fast chemical
reactions that exacerbate their perturbance. Bridges and Preache ana
lyzed data that showed change in organisms exposed to electromagnetic
radiation.

Power Line Radiation

In 1979 Jack E Bridges and MaurUne Preache reviewed literature on the

biological effects of electric fields from high voltage power lines; ex

cerpts follow.

Electric fields induce the same current in the body u houIehold ap
pllances. Therefore the electric field of power lines II only a sublet
of the usual SO aDd 60 Hz etectromapetlc environment of lndus-
trialized communities. .

Dependtna on the dlstance It must travel and other facton, a power
tine carries 10,000 to over 500,000 volts. Its eneJ'IY 11 stepped down to
110 or 220 volts, which vibrates at a frequency of 50 or 60 Hz. If 120

volta can electrocute humans, 10,000 volts dlsslpatlnl from power linel
must have lOme bt01o&lcal effect.

Most Investtptors used fish and other orpnisms as test I\IbJeets.
The reactions or anlma18 cannot be compared to those of humans.
For that reason, It is not yet understood how electric and mqnettc
fields induce currents and electrical potentlall in humua and an
imals. (EnerlY flow. In humans as it does in any electrical and
electronic circuit.)

The electromqnetlc fields of power lines produce small arc dla
chargea, air fona, low level acoustics, aDd radio noise. These
phenomena are confined to the immediate area within 100 feet of
power linea. The electromagnetic fields char&e the skin, caualnl
electric C\DTent to flow within humans, and throUJh the body to
ground.
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ASSESSMENT OF HEALTH HAZARD AND STANDARD PROl-lULGATION IN CHINA

Chiang Huai

Microwave Institute
Chekiang Medical College
Hangchov, China

In general, ra.d1ofrequency and microvave radiation at sufti
cient levels of intensity and duration of exposure could caWle
ha.rmtul eftects on a lirlna organi8lll, but the bioetfects and their
mechanisJIl are not :fet well known. There are maq uncertainties
and ditferences 01' opinions, so that the sate exposure l1Jl1ta
proposed in various countriel ditter trea .&Ch other sreat17, and
there are two difterent t:fPe1 ot sate ~v8ure standards to con
sider dePencU.nc on the popula'tion 'to be prtl'tec'ted. There 11 an
occupational stan4ard which 1s used 'to pretec't persons Yorkins
in the BJ' or MW en'Y1romaen't. and an enTireDJllental s'tandard 'to
protect 'the seneral public. The late exposure level ot 'the 1&tter
is otten as lov as one tenth ot the tormer. because the sener&!
population includes children, prellWlt wom.en, and individuals wi'th
various diseasea. Both ot these exposure standards ditter trOll
the emisl10n or pertormance s'tandards which restrict the ea1ssion
ot radiation troaa devices. such as 'the eJI1sl1on standards tor
microwave ovens in the United State. and Cca4a. All exposure
standard reters to the ..sxi_ peJ'Jllissible exposure level to the
bodT. which 1llUSt be baaed mainly' on realistic ..sesaent 01' health
hazard, and 'which il to be cUscWlsed here.

8ettins ot the standarda is not a simple task. It is neces
S&l7 to estabUsh a quantitative relatioll8hip between power
denaities ot incident radiation and all blolosical etrects tor
hUIIIaD be1nss. Quantitication ot the biolosical response to
JIlicrovaves is a com.plex problem. because 01' the vide ranse of the
trequenCY' spectrum. There are a large number ot pbyBical and
biological variables and complex in'terre1&'tionslUps 8IlO1lS 'th.ese
variab1es. Mos't of the Icientitic data has been obtained trOll
experiments on small animals or simpler orsaniUlS. and extra.p-
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fte firet topia 11 q1l&1ltl tatioD ot h_an expo.ur.. In view ot
the lack of pereoul 40Iill.tal'll. the quautUaUon ot expoaure durins
work i. extreae17 dittiault. particul.rlr wh.re th. persoMel Ilove
.reUDd in thl cour•• of their duties aD4 are exposed to .oviq b....
or ant'DD& ot rad.ra. Additionally, it ia tapes.ibl. to .valuate
the aposure ovlr a period or aev.ral rears. So OD the baeill ot
anal781a ot working cODditione. authora u.ual17 roughlr divide the
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experi.nce. ..
s.ttilll tor tll
C11D1cal obs.~

their .u an4
workers. 'Ble
terae of pow.r
expoI.d to a 1
group of "5'
8ipiticant 4:
groupe (p(0. C1.

1. Itt.cta 0

'!'b. ralul
the oCOUrr81lC
In th. marol
~roDOUDC- ~
(iUlloaDia or
ccapl.illecl 0:
a. "near••th.
'l.ble 2. It
betW.ID &D7

personn.l ezaa1Dt
and low povlr d.'
ge08ra11r raDC'
profes810nal .ic
demarcation line
adopted br 'OIU
1Il1cl'Qvave _poel:

ASSESSMENT OF HE.

a

C.HUAI

• I

828

Sea. ca... ot acut. reaotion to aicrowav. ov.rexposur. have been
.ncount.red [1]. !b. ~raa...... to coneiat ••iIl7 ot subj.otive
ooap1ainta ot be.d.oh.s, uu•• , ,erUCo, aDd ale.pl••snesl.
Ob3ec1011'.17. Jllpel'toD1a. chane•• in c.1'dlao rb7tl!a, and a skin ralh
aq be _001111.10.1"84. BIQ v ..ina1oion aq ahow • cl.cr.... in
..plibcl. ot alJba "'''.'. - In .11 0.... the .,ap1oOQ w.re tran.ient
aDd di••ppearI4 ooapllt.17 aft.l' • t.w 4.,. ot .edation and re.t.
ID one c.... noted b7 the pr•••nt author. the patiftt w.. ext~el7

noited. 111g1l17 matl.d7 ill boa7 temperatura and h'art rata. an4
evld.nced revenibl. lapaira.nt of vi.ual .cui~ aD4 v.ntricul.r
block. !!ae 8JIIptoa. luted s.veral ••ka, _. Ilonths. In seneral,
the pover d.ultT ot aicl'Opv, _ponre caaliDi acute reaotion a..t
be above d le..t ~ aVIca. 'Bler. il 110 doubt that the au1lnD
perail.ible ezpolure level should be tar b.low that lev.l.

In aetUJII • atandard, on. ot the 110110 iaportant oou14eratiou
b.. to be ohronio apolun. AI the .1..1_.10 ot the relationahlp
betnft aJlOlure le.,ell ID4 the hl.lth Itatu ot perlonn.l
pret...lonall7 _poaeel to U aDd XV ia 41ttlcult, la. Sreupa aut
be ob..rved in oreler to obtain .pid_lological data rith ataU.tical
.lpitiam.. lIan7 oontribuUoDl in thl1 t1ll4 have been a&4. b7
Sovl.t authora. Paperl bav. alao HID publiahed b7 authora trca
C••chOllcw.k1a. Poland, USA, Sw.den aDd ao torth. In r.cent years,
eoa. inv..tlpUou bave beln carried out in China. A larse part ot
th... till4iZllI conelmiDi health hasarel will 'be di8Ouaa.d here
.1ointl7.

olatins laborator,y reaulta to man ia not a c1ear1r defined procesa.
Additionallr, there ia a large amount of uncorroborat.d and
controver.i.l evid.nce ot varioua biological .ffecta. In the.e
caae., the a nt of h.alth hasard for "Standard" promulgation
ahould relr aa1n17 on the he.lth statu. of per.onnel profeaaionalll
apoaed to U .Dd XV, although the inf01'llation available in th1.
ti.ld 1. liait.d. In various radiation conditions ot huaan
apoaare, .ince it i. iapossible to make quantitation prec1ae1r and
distinction betw••n various radiation conditione atrictlr. the
remlta of _peri••nt. with animal. on bio.tt.cts ot U and MY
should be supplemented to the human exposur. data.
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"raouel eX8II11n8et into two or three groups n..ed high, (middle),
ad lov power denai t7 groupa. In fact, the exposure l~ela

.n.ra1l7 ranae frca aCID. tena to several hundr.d uY! em ~or
profe••ional microwave workers. ~e or two hundred uV!CIl as the
a.-rcation line between high and low pover denli1:i•• hal been
l40pttd b,. so,ae researchen. 0111,. in a 2'" vorldnc P2ace. do the
aleron,e exposure levell exceed 1 mW/ cm 01'10 mV!CII •

~. principal part of the clinical findincs trOll ob.erved
alCl"Oftve workers ia siailar in different countrie.. SJllptOlU of
~ctiona1 di.turbanoe 1n the central and vegetative nervous .,..t...
In the main manif,.tation. Thes. will be de.cribed in the
tolloviuc With th. relulta ot investigationa in China beiUC C01Ilpared
witla tho.e in other coutriea. The inveltilation [2] on which the
-Cbin... Tentative StaDelard" i. mainl,. based val conducted in 11
facton.. aDd iutitnt.. The micl'Owave workers ob.ened had work.d
with aicrowava equipaent (most of thn vere Plf in CII ranae) aore
t!IIIl one 7e.r. UI4 a larae part of thea hael 5 - 15 ,..an of vorJdna
.,.risl1Oe. EYerJOne 1n the stud1 hael been 1n an orc1iurr work
HUlac for the last three aontha. '!'here were 841 vorkere liven
c11Dical obsenation, with 471 persona ob.ened as a control IrouP,
\helr su aD! ... 41stribution 8iailar to that ot the aicl'OYave
'tOlars. 'lAe .1crowav, workers vere 41v14e4 into two Iroups :lB
ttru ot power 4enaltJ' expoaed. Th. first II'OUI' '506 workere, 'Vas
IZJIOled to a bilher pover elenai tJ of >200 ullCII and the second
croup ot 5'5 worken, to a lover (200 uvlc.. There vas no
11plficant 41fference in ..e. and vorlduc experience of thes, two
l1'Oupa (P<0.05).

1. mecta on the X.noUil 818t_

!he resuUs ooD.fiZ'll the previoUi fln4iq. of Soviet author. on
the occurrence of wb3ective caaplalnt. (Table 1). Another flnc1inc
b the -icrovave worters .... the partial loss of hair. The 1101'
ll'ODOUDCed aJllptou vere headache, tati.., d1aturbanoe of sle.p
(iDeo.Dia or ..nalence) ana 4ecrea.e in -.017. !he penons who
ocaplaiDt4 of 8'AJ' of th. three s,aptou ••n1:1one4 above vera definK
.. "neurasthenia" anc1 the incidence of neura.th.nia 18 show in
!able 2. It 1s inc11cated that there were significant ditterences
between 8U7 two 11'0upa •

A part of the ob••rved per.one (106 in all) vel" ex..1ned for
!lIC. 'fbe alcrowave vorkerl' DO rev.alea an increase in theta and
delta wave•• but thera vere DO significant dlfference. in
atatiatica •

Simllar complaints anet incidences of neurasthenia itJIIpt01ls were
oll"nee! in 10 yorkers 111 eMu, and the plac.. where the7 worked
"er. at the field atreuctha of several bundred V/a.

,,
------·ii.,h..'".··1IIi·...,....,,""""._.""",__
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TABLE 2: Incidenc. of Neurasth'nia smtou

Group Incid.nc. (%) Groups tor X2 p

631

1
2
3

32
24.1
11

among all
hip to lower
lover to control

<0.001
<0.02
<0.001

!AJ1,J " ptna!1c A1tera1:1on of BP i11 KV Vorkers

C'I
Ql'Oup Ob.'1"Ie4 Total BP (_ Be)

C\I 10. !lae g<:)-9S 100 105-1" 140-145 150-160

initial e 9 0 0 0
1 aft.r ,- 17 , 6 2 , ,

'" 6 leara
rf

initial 0 0 17 0 0
2 after ,- 17 0 0 5 6 6

~ 6 vara

inlUal 0 0 0 8 1
3 atter ,- 9 0 0 0 1 B

- 6 leara
.0

: i The lIicrowave expoaur. eftecta 011 ICQ ahoncl ohaDce. in carcliac
• rate. lIinor domward dieplAc...nt of the S-'l' ••••nt t 10weri11l of If,

detlection, anel 11isht eleviatione froa no~al in excitability anel., 14
~ ~ cOllductioD ot cardiac-electric acth'it1 ('rable 4).

J
J
I

.

1

2. Itt.cta on the Cardiovascular 51st••

!be alcrowavl workera ~o coaplain.a chief11 of palpitation and
patu &rod the oardiac res1on. were in the biSh power elena1t1
.icro....,. radiation l1"OuP. the 1ncideno.. were much bieher thaD. for
the control 81'OUP (p<O.OOl). 'rhe incU.nc.. of hnctoll1a «100 _
Be) were biSh.1' in the microwave group. (hieh and lower el.ai t1
pup in 25.5. ad 22.6. r••pectiv.17) than in the control 11'OUP
U5.3S). levi.wiq the report. ('.4.5] pa'bl1ahe4 'b7 Sovi.t autilon.
... cou14 finA that the incid.ellce of hnotoDia in IJ' aDd llV workera
IlOl\1, 18 2O-t~. and in the .oat recent ten ,.ars. the 1ncidenci of
bJpertonta 1. Mlher thaD lqpotonla. It baa bUll aua••ted that
hnertOnla mena.e. with 1IOrJd.q ac.. an4 coour. 1n a4.,ano.d .t....
of tbe diaea... Olot09'& ob.ened the 4::ruaic alteration of 'bl0c4
pressur. of aicro_v, worun. Sh, diYid,a· the ob••ne4 per.ou
lf1to three IrouJIII accol"Uaa to th.ir initial pre••un. '!be,. all
vel', Mar 1:hlrt1 1Iarl ot ....
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TABLE 4: Chan,e. In BeG (Incidence ~)
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Table 5

Group Deep Bra- Tacb1- ST-T lower P QRS High potential
Bo. dycardia cardia at lett

ventri-
50/1I1n loo/_1n lIale t_ale O.le O.ls cle (.ale)

1 1.6' 6.54 11.8 ~.29 6.86 10.78 11.92
2 '.9' ,.'6 11.2 14.61 7.85 11.59 12.89, 0.42 4.25 5.6 18.07 '.18 4.0' 8.95

In order to observe the aicrowave expoaure erfecte on vaacular
fUnctional statl, rh.oencepalolraa, rheo,raa of fincer heaod,naaic.
and ocuU tuD4ue were o:..ined. '!'here vere no sipiticant f'ind1D1.
in the re.ult••

'lbe dat. _.tion.d above ahOY th.t alcrowa.,.e action va.
charact.riled bT .utonaaic .,.••cul.r sJaptoa. of • v.lOtonlc
charaot.r, expre•••d eapeci.117 in ~ton1. and brad7Qardi••
Sadcb1kO'la aD4 allll7 BoYlet .uthore [4,5,6] at.t. ~lthat the altheDic
8J'D4roa. 111. the initiel .t.... inolu4ed ..1n1T a cOlipla of ..th.nio
.7IIptca. deainate4 b7 .utoncalc vascular chaDl" Vi th a "a,otonic
tlnden07. In the advallced •.t .... of the 41•••••, the
altheno-autonc:alc I17DdrCll. vi th .,..soular dT_function ot the·
b1Pertonlc VP' vas aOlt frequ.nt. At a c.rtain at..e of
d.....lopa811t of autoncaic vaacular dl.turbanc.. , th. hTPothal..le
8J'D4roa. (autoDOlllc vucul.r fora) appeared and YU charact.rised by
Rdden cri..., predaainantl7 ot a .JIIpathiQo-adnnal character.· In
oe tn.,...tilaUona, the Il1ItonOllic vascular QIIptOlis of IIOst per.ona
..intainee! a "alOton1c charact.r, while thq vere ob.erved oYer a
period of fi". 1M". Ioth1q ot Rch e.....rit7 u to be desoribed
.. bJpothal_io QDdrca. vu found. It •••• that the nature and
..naltivltT ot oardlovaacular reactions to pr010nced exposure
depad, to alar.. ext.nt, on the 1II.d1vid1l&1 characteri.Uc••
JUrth.r ltud7 on clinical sanlteltationa and Its aechani•• could be
valuable, a. seae doctors in our countZ'7 are DOV intere.ted In usins
meronvI in tnatamt tor qpartenaion.

!h. hypotonia and bradycardia vere aleo observsd in RP vorken
1n China, but the 1nc14ence vas not eo high al that in lIicro"..ve
vorkera.

,. Effeot. on peripheral blood

1o char.cteri.tie chaDie. in peripheral blood picture were
foa, onl7 • .Ulht leukopeni. and throaboc71:openia occurring In
thl first Iroup a. compared to thl others (p<O.OOl).

I
;
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•• Btfect. on eye

..

;~up Le1jkoc7te (%) ThroJllbocTte (~)

10. <5,OOO/mm >9 rooo/..' (100,000

1 29.41 1.96 26.79
2 18.69 8.6 14.02, 21.2:5 7.2 17.2

633

Table 5 Iucidence of Leukopenia aAcl Throabocltopeula
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Diversifiecl WBC r.epoue. are found in 1Wl1' reporte. In
aneral, ali.hi: or a04erate 1eweopema JDa1 be founcl in microwave
.orb" '1IOrkiq at hleh power 4e.ltie.. In a D.UIIlber ot ca.e.
lnkocJ1;osi. was encounterecl in the luitlal p.r1oel ot proteaaional
Gpo_ure. Ab.olute lJllphocTtoeia may alao be toun4 1'D microwave
-orten.

Several ep14..10lol1eal lU1"Ie,. ot lenticular etteota ot
aero,..,e yorkei'll haYe been partorseet. Ion. ot the eu"e)'8 reported
I naU.t1cal17 ataUf1cut incre..e ilL the nlabar ot cataract. in
pel'aOmltl occupat10ul17 ftJ)Oee4 to 8.1ol'O...e radiat1on. The
IUnlJ8 vere lIOatl7 colloemeet vith ll1Dor lentioular detecta. Boae
of tbe .urVlJ8 1D410atacl a atat4..t1caU7 .1p1t1eant iaona.e in
leaUoular clef.cte in Ilic1'Ovave workers. Z14eckl ('1 ft..in.4 ',000
ptreou cl1v14••quaU7 iato three I1'OUS-. Group A coapriae4 two
"'bIroupa. A.. contataeet 542 lJ141v14ua1. ftJlO.e4 d1reot~ to
.1c~.,.e n4tatloa. at poyer 4euit7 of about 0.1 .v/ca up to 6.'/oa. G20up A... caapri.ae4 458 iDllhiduala a:poeM to .. at abOut
O.Ol.V/ca. ar6up I coapriaacl 1,000 tch84 1J14iv1c1ual. not
et}IO.t4 to 8.1Cl'Oftv., *11. Group C Jla4e up ot ch1lc1raa &ad
~1lTen1le. age4 5 to 17 7eana. fte n:aa1aaUcm ot the 1.. Y...a4e
18ill a aUt laap atter dUatat10a ot the pupil. Leu tranalucenc7
Val .....aed u.1Dl a 5-lr&4e aea1e:

1
0

10 leu chaD&e.
2

0 "'.1'0118 aaal1, multiahaped 0~c1U•• , wh10h IUl7 be COQllte4.,0 _eraWl _all, aulUshape4 opec1U. t which are 41fticUlt
to COUllt

40 Aa abo.,e, but with a taaaenc7 to incr•••e in n\llber or a1se
on BUcce.sive 8%..1uat10118

50 Any chqe impairiq visual .cult1'

Statiatica1l7 alp1t1cant ditferenoe. in the trequellc7 of
varlous arue. of leu tranaluC8JlC7 exlet betYeen Group A aa4 Groups
1 u4 c. KaraCT.r the CClipari801l between -'1 and A alao
4eaonatrat.s .i&Diticant cl1fference. (Table 6). ~e author
11141cate4 that lonl-tem overu:polure to loy 40a.a ot lIicrovave. -7
tend to accelerate the DOl"IIlal &ling procesa of the lena •
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'l.bl. 6 .Percent... inc14.nc. iD varioul leu transluc.ncy ,rade.

tens Tranclucenc7 Croup A Group B Group C
Grade 1 A At!!2

1 d.o ,t, 2 .7 29.7 68.8
2 62.0 52.6 57 .7 SO., 26.9, 19.7 12.2 16.2 16.6 3.6
4 4.8 '.5 4.1 2.6 0.'
5 0.5 0.' 0.8 0.4

In our 1nv••ticat1on, the l.nticular tranapar.ncr va. ex_intd
in 2Z7.•ieroyav, york.rs aD4 117 aae-lll.tche4 persODa as oontro1. JIo
.1saiflcant diff.rence. in incid.nc. of leu opacities vere found.
~ incUtnee ot lena v&Cuo1. in the ti rat 8roUP ya- bieber than
that in the control croup (p<0.025). A t.v ca••• ot catar.cts or
ntina h_orrh... pointa vere toad in the 1Ilicrowav. vorken.

Group 10. Leu 0lie1:V L.u vacuole

'l.qroth aDd Aurell [e] reported all incr••••d nWlber ot retinal
1.,iODa 1n 68 ...ortere 1Jl a 8n4iah lacto17 ".re .icraway, equipaat
.... t ••W. Th. reUul le.iou ....re charact.ri••4 b7 their
ftl.blanc. to chorioreUnal acan after intl_atol7 re.cUou. 10
data on tbe lnt_lv of the ra4S.aUOIl ".re prcrli4e4, but the .
autho~ coui4.re4 that the uzta_ penai,.ibl, apo.ur. ot 10
.V/ca i. too hip. 1J.'h, lIrobl- Ihoul« be further inve.ticat.d.

5. R.production aDd Genetic Itt.cta

.1cre....... radiatlan can iD4uce .t.rilltJ' in hlllana vben the
incid.nt po_r d,.Ur I. hieh eDoUCh. II:a rec.nt rear., .icronv.
hu be_ used tor birth control in .a-. hoqdtala in our coatr7.
In eo., vorbtre occupationally exposed to U' or 1lV, the
.pem.toe.n••i. or lI.n,trual patt.rn .... alt.red, .ud ..,.n iapot.no.
occurred. Bu.t the total nUllber ot cae.a ar. too te. to conclud. a
caule/.tt.ct ~lationship.

R7 8114 IIV NdlatioD ar. t.ratoe.n1o to experiaental ani.ala
expo.. at specitic tun duriDa •••tation, but th.re i. no evidenc.
ot IUch in huaau. 'l'b. us. of .icra_v, heatine .. eliathera,. to
r.lin. tbe pain ot ut.rine contractioDl duriq l.bor va' reporteel
ire. BeleiWl. It vaa laid that tht babi.1 ver8 born h••ltbJ.
lev,rih.1... , extra. caution lIua' be exerciaed. A t.v c•••• ot
aultlpl. inborn detects in tb. ottspring 01 vo.en irr.diated
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u-t4iate1r betoreor during the early atag•• of preenaDcr with
IbOrtvave dtathe1'll1 have be. reported br Cocoona Erdman .t 81.

Siglor et al eu••••t that .0121011.. occur. aor. trequentlr among
tilt ottapriXII of fathen prot•••ioDallr opo.ed to alcrovavu.
Itwur, an intensive tollov-up atudr tailed to oont11"11l the
lIIOelaUon. III general, there ae•• to be no hazan under ol'dina17
prot...lonal ezpoaure cODditions.

I:a th. UIl1ted States, a studr [9] ot AmeriCaD lllba••r peraollZlel
1D Io.coy va r.ported. The plrpo•• ot the atu, vaa to cCllllp&re the
.rbiJitr md IlOl'tal1tr ezperi.nce of u.s. QoV.l'DIDct -pl0ll•• at
tM Io.coy laba• ., duriDe th. period 19" to 1976 vith the
.,enne. ot .•p107"8 1410 had served ill other .elected,
1IOD1rra41ated Iut.1"Il "nope&D ..basste. 4uriac the ..e period.
!be .tu4,. population condated ot 1827 .plo,..•• at th. Mo.cov
..a.,. aDd. over 3000 of their hpendenu and 2561 .p107ee. at the
tiaht CCDper180n po.t. mel 5000 of their d.pend.nt.. eoaparativ.
lDI118u Yere .a4. of all .Jllp1iClU, coDdI tiOZlll, d18..... , aDd caue.
ot d••th acconiq to the abstract ot the aedical reeon., re.poul
• the Health m.tq'q Qae.Uozmalre, 41•••••• reported on the
QQ••t1ozmalr., ad acquisition ot d••th certificat.l. 10
differential health nate a••oelated ri toll pre••ea apolure to
lUera_VI radiation are 4eao_tr.t.4. '!'he uxlll_ exposure 1e.,e1.
aeuured at ~r n••r the ~D.401l8 of the upper c.ntral bul141J18 raDled
frca 1 uY/e- to 15 u"/CII. Another Ituel7 [9] val reported of a
tUet rear illY••tilaU. that vu alaed at th. eleteriaiution of
btl1th riab troa micro• .,e radiation of U.S. ,."al per.ons. A
POpalatlO1l of approz1llatelr 40,OCO (half cOllltltuted the ezpo.eel
1l'01Ip, lU14 balt the contl'Ol croup) were a ..1I1ed tor IIOrtal1't7.
lorlt141tr, repr04uothe perfOlW&llO. aII4 health of ohl1drR. fte
elata 41d DOt DOY -7 41tfereno.. bet.en the two sroup.. It 414
DOt &Hlp the _ponre doe. to ., ladi.,Uual. in thi.s .tud,..
Scat of the ~b••"e4 peraons nre expoaed to 8tCro.,.. in OC.'. of
the 10 aV/ca l1a1t2 Acot48D.tal ezponre YU at ••tlast.d level.
tzceedlDg 100 .V/aa. Ba4101lell an4 28elar operatora ven loera11,
IlPOl. to 1..e11 v.U 'belov 1 aylCII •

It JlQ' be __ari.eel that th.re are areat dittereDc•• in the
~~~~•• OODtel1ta aDd reeu1ta ot Im.aUsat.loM for evaluatiDl the
~th baa1'4 of 81cro...,. ra41.1:1on 'betv..n difter.nt countrie.,
cautlll lreat controverer. McUtionall" the b.alth huard in
.toro_v. U8U&11, 1s DOt 110 .erlo128 &Dd eo certain u that ill m7
other 41...... lfuJIero128 que.tions cODo,miDl the clinical oourse
IZld petholene.l. ot certain lealou cauaed br U' &Dd XV radiation
have not been olearl,. .1ucUated up till DOV, &D.cl the IJllptcal
Uluall, are rever.ible, but the exl.tence ct health baureloua
eftecta ot U aD4 !Of can Dot be denied. An 1me.tlll1Uon (6] ot the
»aUent. aufteriDe trOll microvav••icb.'. reported b1 Sa4echikova
lUuatrat•• thi.. It .hoyed that, deapite r.peated therapeutic
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:81 atter O8...t10n ot apoauN

I&dlation condition8 relate4 to health hazard
and 8tand.rd praauls.tion in China

In order to .et a reaeonable e&tet,. .tandard ot D aDd. XV
raUatiClll, cond1tioDa related to health ballard .hould be NYie"a4.
Several _po.ure .tandard. [10,11,12,1,,14] in 41tter.nt countries
are reported.

1. Ra41at10n inte.lt1

It -tsht be conalder.4 that aceordiDC to ep14..101oI1c.1 4ata
trill rpo.ure to .ierovave .ner81, lons-tel'll exp08ure at seTeral
aY/CIa _.,. induce alteration not on17 1n nsrvoua and cardiova.eular
878t... , but in the nomal aglne proce.e ot the lena an4 peripheral

,
fbi. 1IIp11_ that tho.. lITD4rc... are not sa87 to reconr, an4

it 18 iaportaDt to lower _ponra level and i.preve wort coD4itioDl
tor protection fraa hasardoaB radiation.

Table 8 C11n10al eouree ot .1eroftve radiation 4u1'1111 and aft.r
a!)!Oft"

C11l11ca1 Period ot 110. ot CllJl1oaJ: ooune
.711d1'011a. ob••nation c•••• lecove;r Stabili.atlon Pro'1'8••loa

Asthenic A 25 13 11
B 5 , 2

Asthmo- A 47 41
autonCillic with
v..oular B 16 15 L

4,..tuDeti01l

lfJpothalalc A 2 2
(autonca1c
vascular tOl'll) :8 6 5 1

'otal 100 , 35 62

838

cour... and t_por.17 vithdr.".l troa vork vi th .icrovava .ourca' t
upon returni. to pr..,ioua "ork oon41 tioDl .1JRptCllll. 1ncr•••84 in
••verit7, particul.r1,. UlolII patient. v1 th .4vanc.4 .t..... of the
4i...... In such pati.nt••utono.ic v••cul.r 4iaturbane••

. 4oainate4, cri••• ot cer.br.l and COronal'7 iDliuttiei.nc,. pr081'8••e4
aDd dev.lop"l1t ot 1.ch••le h••rt 411.... .114 h7P8rte.lon ".1
ob.und. C••••U on .ot work inYolvilli irradiation tr.qu.ntl,.

·r••u1ted In at.bi1l••tlon ot the initial et••e ot i11ne•• (!abla 8).


